SAMPLE PROBLEM NO__ 23 -

APPENDI X G

STRUTTED TRENCH (Medi um Conpact Sand

GIVEN: - ,F-- 6'———16— 4' Sg——— 10' —3

. Q = 1,280 psf
1
: 4 x 123
4.25 sheeting Soi | Dat a:
KW= 35 pcf
L o,
Medi um conpact sand:
4. 50 3—6 X 6 @6 y= 106 pcf
J%_ Rough | unber
1.25'y | | I's the shoring system shown
1.00'7r_ ~— L/G X 8 adequat e?

SOLUTION:

a r—s.as';:l B

~

N

Ka

Ka

Kw/y = 35/106
0.33
tan? (45°- ¢/2)

o ¢ = 30°

L4

= 45° - ¢/2 = 30°

AB = (11) (tan 30°)

6.35"

Not e: Pressure
diagramw || be
a trapezoid.

Use the tabular values listed in the section on surcharges or the
Boussinesq Strip formula to find the lateral surcharge pressures.
be used here.

Multiply the values by 1280/300 = 4. 27.

The tabul ar net hod

Wi | |

Dept h Qvalue (0 - 14') - Qvalue (0 -
1 272.81 208. 27
2 246. 16 135. 06
4 196. 31 54.51
6 153.52 24.15'
8 118.58 12. 16
10 91.21 6.81
11 80. 03 5.27

4) x 427 =0

G

275.6
474. 4
605. 5
552. 4
454. 4
360. 4
319. 2



CALI FORNI A TRENCH NG AND SHORI NG MANUAL

Soil: Restrained System, H > .10 ‘ o Surcharge:.
r— \ 7K2 21 N Actual
L] 3'
' | 2! 590
11! 6.6 *
& >
2.2"
le— p, —
P, = 0.8YHK, Use values shown for design
= (0.8) (106) (11) (0.33)
= 308 psf
y — 72 7
2.2" 3.0
4.25! 760-& :
\l/
A= | = 898
2.25"
4.50' \/ 830
6.0'
By 5 726
/I _7‘(
2.25" 2.2"
Vi 319 \

Conbi ned Di agram

Note: For clay soils the approach would be the same: the soil
pressure diagram would be nodified by using the Stability
Nunber Met hod.

Total force = (2.2)(72 + 760)/2 + (0.8)(760 + 898)/2 + (2.0)(898)
+ (3.8)(898 + 726)/2 + (2.2)(726 + 319)/2
= 915 + 663 + 1,796 + 3,086 + 1,150 = 7,610 Lb/LF

915 + 663 + 1,796 + (1.5)(898 + 830)/2 = 4,670 Lb/LF
(2.3)(830 + 726)/2 + 1,150 = 2,939 Lb/LF

>
I
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APPENDI X G

CHECK SHEETI NG (upper cantilever)

Find Mpgy:
AREA ARM MOVENT
(72)(2.2) = 158.4 2.2/2 + 2.05 = 3.15 499
(760 - 72)(2.2)/2 = 756.8 2.2/3 + 2.05 = 2.78 2,104
(760)(0.8) = 608.0 0.8/2 + 1.25 = 1.65 1,003
(898 - 760)(0.8)/2 = 55.2 0.8/3 + 1.25 = 1.52 84
(898)(1.25) = |.122.5 1.25/2 = 0.63 707
2,700.9 4,397
S Req'd = Mf = (4,397)(12)/(1,500)(1.33) = 26.4 i n’
S Furnished = bh®/6 = (12)(4)%6 = 32.0 in°

Find Vige: |.5VIA = (1.5)(2,701)/(4)(12) = 84 psi < 140
CHECK SHEETING (m ddl e section)

Assune W equals a constant 898 Lb/LF
M= wL? 10 = (898)(4.5)% 10 = 1,818 < 4,397

V= (4.5/2 - 0.5/2 - 0.33)(898) = 1,500 Lb
v = 1.5V/A = (1.5)(1,500)/48 = 46.9 psi < |40

SHEETI NG Q K.

CHECK WALES (upper wal e controls)

M= wL? 10 = (4,670)(6)% 10 = 16,812 Ft-Lb

SReq'd = Mf = (16,812) (12)/(1,500) (1.33) = 101.1 in°®
S Furnished = bh*/ 6 = (6)(8)%6 = 64.0 in®

Reduce strut spacing.
Maxi mum L = [(64)(1,500)(1.33)(10)/(4,670)(12)]"? = 4.77
Use L = 4.75'" (4'- 9")

V = (4.75/2 - 0.5/2 - 0.67)(4,670) = 6,795 Lb .
v= 1.5V/A = (1.5)(6,795)/(6)(8) = 212.3 psi > 140 = n.g.

Try 8 x 8 wale
V = (212.3)(6)/8 = 159.2 > 140 . n.g.

G3



CALI FORNI A TRENCHI NG AND SHORI NG MANUAL

Try 8 x 8 wale with strut spacing of 4'-3"

V
v

(4.25/2 - 0.5/2 - 0.67)(4,670) = 5,627 Lb
(1.5)(5,627)/64 = 131.9 psi < 140

REVI SE STRUT SPACING TO 4'- 3"
CHECK STRUT

PIA = (4,670)(4.25)/(6)(6) = 551.3 psi

all onable f. = 1300 - 20L/d where L/d =50

= 1300 - (20)(4)(12)/6 1, 140 p5|

= 480,000/ [L/d]* = 480, 000/ 48/ 6]°

= 7,500 psi > 1,300 max, use 1,300 psi
1,140 controls

(1,140)(1.33) = 1,516.2 > 551.3

al lowable f,

CHECK COVPRESSI ON ON WALE

al lowable f, = (350)(1.33) = 465.5 < 551.3 .~ n.g.

Try 8 x 8 strut, P/A = (4,670)(4.25)/(8)(8) = 310 < 465.5
SUWARY

Sheeting is satisfactory for the wale spacing shown.

Wal es need to be 8 x 8 Rough with 4'- 3" strut spacing.

Struts need to be spaced at 4'- 3" sized 8 x 8 Rough (or 6 x 6 Rough
with steel plates at ends).

Not es :

|f the surcharge shown were to represent a building or other critica
| oad, the |oad duration factor of 1.33 would not have been used and
in this case the section modulus of the sheeting would not have been
adequat e.

The top cantilever of 4'- 3" will permt settlement concurrent with
the sheeting deflection which would be detrimentalto any structure
adj acent to the excavation

A better design would provide for three sets of wales and struts with
the wal es appropriately spaced to carry simlar |oadings.

G4 Revi sed 9/92



APPENDI X G

SAMPLE PROBLEM NO 24 - STRUTTED TRENCH (Bay Mud)

GIVEN:

2 N 17— 11 Stiff wet bay mud
(60% clay).
;K Y= 120 pcf
3’- lll .
Rough Lumber
107 . -_-__ek Lagging: 4 x 12
Struts: 8 x 8 @ 8/
3'- 1"
, 1/- 11%
- \/
L%—————-———- 10/ —m>
SOLUTI ON:
For soft wet conditions Kw = 120 pcf.
For restrained systemand H 10",
may use rectangular pressure diagram
= 0. 64KwH = (0.64)(120)(10)
= 768 psf.
10’
There was no surcharge given. Use
the mnimm (72 psf).
Total = 768 + 72 = 840 psf L 5 Tk
768 72
CHECK LAGG NG o -
Consi der arching effect on lagging: Miultiply all [oads by O.6.
M= [wL?10]0.6 = [(840)(8)%/10]0.6 = 3,226 Ft-Lb
SReq'd = Mf = (3,226 )(12)/(1 50 )(1.33 ) 19.4 in®
S furni shed = bh*/6 = (12)(4)%6 = 32.0 in® > 19.4
Y= [(8/2 - 0.33 - 0.33)(840)](0.6) = 1,683 Lb
v = 1L.5VIA = (1.5)(1,683)/(4)(12 ) = 52.6 psi < 140

GS



CALI FORNI A TRENCH NG AND SHORI NG MANUAL

CHECK 8 x 8 UPRI GHTS.

M ddl e Section
M = (8)(840)(3.08) /10

= 6,375 Ft-Lb
V = (3.08/2 - 0.33 - 0.67)

7)(840)(8) = 3,629 Lb

Cantil ever section
M = (8)(840)(1.92)% 2 = 12,386 Ft-Lb

V = (1.92 - 0.33 - 0.67)(840)(8) = 6,182 Lb
S Req'd = (12,38 6)(12) /(1,500)(1,33) = 74.5 in®
SFurnished:()(8) = 85.3in®> > 74.5

= (1.5)(6,182)/64 = 144.9 > 140 =  n.g.

| ncrease strut spacing from3' - 1" to 3' 3"

V = (1.75 - 0.33 - 0.67)(840)(8) = 5,040 Lb
v = (1.5)(5,040)/64 = 118.1 < 140
CHECK STRUTS

P/A = (840)(8)(1.75 + 3.25/2)/(8)(8) = 354.4 psi

Al owabl e f,.

480, 000/ (L/d)? = 480, 000/ ( 96/ 8)*
= 3,333 psi > 1,600 max, use 1,600 psi
1,600 controls > 354.4 psi o.k.

CHECK COVPRESSI ON ON UPRI GHT
Al lowable f, = (350)(1.33) = 465.5 > 354.4
Systemwi || be satisfactory if top and bottom cantilever dimensions

are changed from1 -11" to 1' - 9", and the vertical spacing between
strut is accordingly revised from3 - 1" to 3 - 3".

G6 Revi sed 2/92



APPENDI X G

SAMPLE PROBLEM NO. 25 - STRUTTED TRENCH (Medi um O ay)

GIVEN: ' Met hod by

‘ v Tschebot ari of f
2!
' From Soils Report
B 1
4! y= 115 pcf
: qu = 2,000 psf
121 _*
c terial
4'
Sheeting: 2 x 12
-—i i Wales: 6 x 8
. r 2! g . Struts;: 6 x 8 @6
77\\\W\X [ Al'l rough | unber
= (0.4)(115)(12)
= 552 psf
SOLUTI ON.
No surcharge given
AREAS (Lb/LF) Use m ninum 72 psf
.. 690
1) 144 6) 681 i
2) 153 7) =95 P
3) 900 8) 144 P9 . 624
4) 614 9) :
5) 1,208

.............................................

.............................................

L&- 2! 4 1.2'L%—— 2.8f‘ 2';€J



CALI FORNI A TRENCH NG AND SHORI NG MANUAL

Fi nd Maxi num Monent (use nomnent

Fi xed end nonents (Ft-Lb/LF)

di stribution):

1) (72) (2) [2/2] = 144
2) {(153)(2)/2}[2/3] = 102
BA=246
3) (225)(4)% 12 = 300 = 300
4) (327)(4)% 30 = 174
(327) (4)% 20 =262
BC = 474 CB = 562
5) (302)(4)% 12 = 403 = 403
6) (388)(4)? 20 = 310
(388) (4) %/ 30 = 207
7) [(-158)(4)?(0.3)%60][10 - (10)(0.3) + (3)(0.3)% = -28
[(-158)(4)°(0.3)%/60][5 - (3)(0.3)] = 16
CD = 685
DC = 594
8) (72) (2) [2/2] = 144
9) {(230) (2)} [2/3] = 153
DE = 297
B (o] D
0{1.0 0.5/0.5 1.010
-246|+474 -562 +685 -594 +297
=228 -61.5| -61.5 +297
-30.7 -114 +148.5 -30.7
+30.7 -17.3] =-17.3 +30.7
2461+246 -755 +755 -297 +297
MV -127.2 +127.2|+114.5 -114.5
+144 |+450 +450 +604 +604 +144
+153|+204.7 +409.3]+517.3 +258.7 |+230
-66.4 -28.4
825 2,156 1,094

CHECK SHEETI NG

By inspection, the maxi num monment wil |

and D.

Mg = - 755 Ft-Lb/LF

G8

either be at C or between ¢



APPENDI X G

1,169
528
. \K—z N
1 79°3) - 2.22:3)
297

987

Find point of zero shear between C and D.
720 - 302X - (624 - 302)(x/2.8)(x)/2 =0
57.5x° + 302X, - 720 = 0

X- 1.78

M

-(302) (1.78)[1.78/2] - {(322)(1.78/2.8)(1.78)/2}[1.78/3]
+ 1,004[1.78] - 144[1.78 + 2/2] - 230[1.78 + 2/3]
398 Ft-Lb/LF

M controls (M= -755 Ft-Lb)

Sreqd = Mf = (755)(12)/(1,500)(1.33) = 4.54 in®
S furnished = (12)(2)%6 = 8.0 in®

v= 1.5V/A = (1.5)(1,169)/(2)(12) = 73.1 < 140 psi
CHECK WALES (center controls):

M= (2,156)(6)% 10 = 7,762 Ft-Lb

G9



CALI FORNI A TRENCH NG AND SHORI NG MANUAL

Sreq'd = (7,762)(12)/(1,500)(1.33) = 46.7 in’

(6)(8)%6 = 64 in®

S furnished =
0.33 - 0.33)(2,156) = 5,045 Lb

V= (6/2 -

v = (1.5)(5,045)/(6)(8) = 157.7 psi > 140
Use 8 x 8 s v = (157.7)(48/64) = 118 < 140

CHECK STRUTS (center controls):

P/A = (2,156)(6)/(6)(8) = 270 psi

480, 000/ [ L/ d]? = 480, 000/ [ (4.33)(12)/6]°

6,400 psi > 1,600 nax, use 1,600 ps
1,600 controls > 270 psi o.Kk.

all owabl e f,

SUMMARY

Sheeting is satisfactory for the wale spacing shown.
VWl es need to be 8 x 8.
Struts okay as shown

A better approach would be to use the nore conventional trapezoida

earth pressure diagramas it is easier to work with. This is
demonstrated on the follow ng page.

G 10 Revi sed 2/92



APPENDI X G

SAVPLE PROBLEM NO. 25 - STRUTTED TRENCH: ALTERNATE ANALYSI S

¥

T
4 2!
'l\ >4 E— 87 0.3H = 3.6

121 | o — c,-——)‘Iir(. —T

0.55H = 6.6'

L B -

, 2! 0.15H = 1.8
778NN\ 7N - r

k——- 6! -——J 6172 k—- PA '——4

Pa = YH- 2qy = (115)(12) - (2)(2,000) = O

Use Stability Number Method:
No = yH/E (115)(12)/600 = 2.3
= 240

Pa = (C150) (7N,® + | ON,) psf

Py = Mninum Surcharge = 240 72 = 312

Top strut = (240){(4 + 0.4)/2}(6) + (72)(4)(6) = 4,896 Lb
Center strut load = (312)(4)(6) = 7,488 Lb

Bottom strut = (240){(4 + 2.2)/2}(6) + (72)(4)(6) = 6,192 Lb
(Al'l of which are Iess than the Tschebotarioff analysis)

Det er m ne maxi mum nonent of sheeti ng.

Mc = -(240)(4.2) [4.2/2] - {(240)(1.8)/2}[4.2 + 1.8/3]
-(72)(6)[6/2] + (6,192/6)[4] = -322

noment at m dpoint between C and D
= -(240)(2.2)[2.2/2] - {(240)(1.8)/2}[2.2 + 1.8/3]
- (72)(4)[4/12] + (6,192/6)[2] = 302

Mhe = -(240)(0.2) (0.1) - {(240)(1.8)/2}[0.2 + 1.8/3]
- (72)(2)[2/12] = -322

Use M= -322 Ft-Lb/LF < -755 (from previous analysis). . o.k.
By inspection, all other menbers check.
Center of soil pressure is smaller by this conventional nethod, but

the top and bottom struts are nore appropriately | oaded.

G111



CALI FORNI A TRENCH NG AND SHORI NG MANUAL

SAMPLE PROBLEM NO._ 26 - STRUTTED TRENCH: (Medium Soft O ay)

VEN: k— 20'—|]>

" 6X6 @ 6 Q = 300 psf
} X
1 Medi um soft clay, short term
a8t | | oadi ng.
sheeting - 4 X 12 (Rough)
} X wal es - 12 X 12 (Rough)
struts - 6 X 6 (Rough)
8! . C = g /2 = 400 psf
y = 111 pcf
; .g ¢ =0
4!
Vi
N\X//
— o —
SOLUTI ON:
Boussi nesq strip surcharge val ues:
300
Depth Lateral Pressure
2 268
4 237
8 181
12 135
16 100
20 73
24 72 (nini mum 72

G 12
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Soil Pressure Diagram

;_*_

&—— Pp -——-44

0.55H = 13.2!

/ ——* =
| 0.15H = 3.6 =
= a2 o

. T

0.30H = 7.2!

Soil Pressure Diagram
(Terzaghi & Peck)

_PA = YH - 4C
= 111(24) - 4(400)
= 1064 PSF

OR

P, = 0.375yH

0.375(111) (24)
999 PSF

use P, = 1064 PSF

Kw nmay be conputed once the shape of the pressure diagramis

est abl i shed.
Total Area = Total Pressure (0.3H) Py 2 = 0.150PH
(0.55H) Py, = 0.550P\H
(0.15H) P/ 2 = 0.075P,H
Total Force = 0.775P\H
Nor mal i zi ng = 0.8/(0.775)(0.8) = 0.8258
P, = 0.8258KwH = 1064
Kw = 53.7 PCF
300
Addi ng soil and —
sur char ge
pressures: 1245

72

G 13



CALI FORNI A TRENCHI NG AND SHORI NG MANUAL

Wth the loading diagram conplete, the strut reactions can be
det erm ned usi ng nonent shears calculated fromthe fixed end nonents
of each span.

First determne the fixed endnonents and use nonent distribution to
bal ance the | oads.

For sinple nonent distribution, small triangles may be converted to
concentrated | oads placed at the triangle centroids.

P P(b/L) A (left reaction)
a b A(a) = SBM (simple beam moment
at load)

I | | SBM(b/L) = FEM at left Pab2/12
L ——>| SBM - FEM Lt. = FEM at right

Compute the sinple beam fi xed end nonents.

1245 " _ 1199
(6)

(8)

-------------------------------

63

1064 :
(7) :
(10) \\
8'
A B (o]
(1) 300(4) = 1200 300(4)%/ 12 = 2400
(2) 473(4)/2 = 946 946(4)/3 = 1261
FEM BA = 3661
(3) 773 (8) = 6184 733(8)%/ 12 = 4123 4123
(4) 472(4)12 = 944 944(4 + (4/3))/8 = 629
629 (2/3) (4) = 1678 SBM
1678(4 + (4/3))/8 = 1119 559

G 14
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(5) 426(4) = 1704 1704(4/2)/8 = 426
426(4 + (4/2)) = 556
2556(4)/(2)(8) = 639 1917
(6) 46(d)" = 92 92(2/3)(4)/8 = 31
31(4 + (4/3) = 165 SBM
165(2/3) (4)/8 = 55 110
FEM BC = 5936 FEM CB = 6709
(7) 1136(8) = 9088  1136(8)% 12 = 6059 6059
(8) 63(8)/2 = 252 252(2/3) (8)/8 = 168
1 68(8)/3 = 448 SBM
448(2/3)(8)/8 =_299 _149
FEMCD = 6358 FEM DC = 6208
(9) 1064(4)/2 = 2128 2128(4/ 3) = 2837
(10) 72(4) =—228 72(4)%2 = 576
FEM DE = 3413
Sum of Loads = 22,826 LB/LF
Morment Distribution:
011 0.5 ] 0.5 110
-3661 | +5936 -6706 | +6358 -6208 | +3413
- 2275 + 176 | + 176 +2795
+ 88 -1138 | +1398 + 88
- 38 - 130 | - 130 - 88
- 65 - 44 | - 44 - 65
+ 65 + 44 | + 44 + 65
-3661 | +3661 -7802 | +7802 -3413 | +3413
Calculate the strut reactions. This is done by summng the

monent shears and the sinple beam shears.

Monent shears are

the difference between the sinple beam FEMs divided by the
span length. This distributes the |oad to account for the
actual condition of a continuous beam

Monent  Shears | - 518: + 518 | + 549 - 549
Sinple 3092 3092 4544 4544
Beam 1200 629 315 168 84 | 2128
Shear s 946 426 1278 228
31 61
Reacti ons 5806 10525 6495
Sum of Reactions = 22,826 = Sum of Loads. CHECK

G 15



CALI FORNI A TRENCHI NG AND SHORING MANUAL

Determ ne the shear diagram

The portion contributed by actual sheir

the triangular |oad can be diagram -
approxi mated by breaking it approximate
into two straight |ine slopes shear diagram /
at a third point. Yy
/
loading (

diagram

Appr oxi mate Shears

300(2/3) (4) =- 800 =- 2067
(2) == 946 1199(2/3) (4) =_-_3197
= 1746 =- 5264
300(4)/3 =- 400 C = + 10525
= - 2146 = + 5261
B = + 5806 1136( 1/ 3) (4) =_-_3029
= + 3360 = + 2232
. 773(2/3)(4) =-__2061 (8) =- 252
= + 1599 = + 1980
(4) = - 044 1136(2/3) (8) =
—+ 655 = - 4079
773 (113) (4) =-_1031 D =+ 6495
= 376 = + 2416
1199(1/3)(4) =-_ 1599 (9) =- 2128
=- 1975 =+ 288
(6) = - 92 (10) =- 288
= - 2067 CHECK = 0

2.67 }.33 2.67 %.33113? 2.67 2.67 '1.74' 3.59 %.33.2.67

3360 5261 2232 2416
1599
1980
655 ' - 1192
-}-
376
800 b o
0.66
1746 1975
2146
2067
4079
NOT TO SCALE 5264

G 16



APPENDI X G

From the values in the shear diagram calculate the values for
| - the approximate nonent diagram

Approxi mate Mment Cal cul ations:

800( 2. 67) /2 1068  Ft-Lb/LF

1746(1.33)/2 = 1116
2146(1.33)/2 = -1427
= -3656
3660(2.67)/2 = +4886
1599(2.67)/2 = +2135
= +3365
655(0.66)/2 = + 216
= +3581
376(0.67)/2 = -_126
= 43455
376(1.33)/2 = - 250
1975(1.33)/2 = -1313
= +1892
2067(2.67)/2 = -2759
5264(2.67)/2 = -1027
= -7894 MAXI MUM
5261(2.67)/2 = +7023
2232(2.67)/2 = +2980
= +2109
1980(1.74)/2 = #1723
= +3832
4079(3.59)/2 = -7322
= -3490
2416(1.33)/2 = +1607
2320(1.33)/2 = 1534
= - 340
192(2.67)/2 = + 256

- 84 (Cdose enough - CHECK
Check the shoring system menbers.
Sheeting 4 X 12 (Rough)

S = bh%6 = 12(4)%6 = 32 in®
= 7894(12)/(1500)(1.33) = 47 in®

Srequired = MF
Try 6 X 12 (Rough)
S = 12(6)%6 = 72 in’ K

G 17



CALIFORNIA TRENCHING AND SHORING MANUAL

Note that the 0.6 lagging arching factor is not used with
sheeting or with soft clay.
Wales 12 X 12 (Rough)

S = 12(12)%6 = 288 in®
Center controls, use M= wl® 10

S required = 10525(6)%(12)/(10)(!.33)(1500) = 228 in®
Length for shear = 6/2 - 0.5 - 1 =15 Ft.

v = 3(1.5)(10525)/2(12)(12) = 164 psi > |1Q(1.33) = 146 psi
Try a 12 X 16 (Rough)

v = 128 psi < 146 psi K
Strut 6 X 6 (Rough)

Center controls.

Strut length = 12 - 2(1.33 + 0.33) = 8.68 Ft.

P/A = 10525(6)/(6)(6) = 1754 psi
Al'l owabl e:

480000/ (8.68(12)/6)2 = 1592 psi < 1600 psi Maxi mum
Try a 8 X 8 (Rough)

P/A = 10525(6)/(8)(8) = 987 psi < 1592 psi o.k.

Bearing value on wale = 987 > 350 psi Allowabl e.
Provi de steel plates at ends of struts.

G 18 Revi sed 2/92
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SUMMARY

All materials are too small for 6'-0" spacing of struts.

May use: Sheeting = 6 X 12 (Rough)

Vales = 12 X 26 (Rough)

Struts = 8 X 8 (Rough)

Steel bearing plates will be needed at
ends of the struts to provide adequate
bearing area to prevent overstess in
conpression perpendicular to the
grain of the wales.

Wal e and strut requirenents coul d be reduced by decreasing the
spacing of the struts.

APPROXI MATE METHOD

In lieu of doing noment distribution, assune average |oad on
center strut = 1200 PSF X 8 foot strut spacing X |.1 for nonent

and shear continuity = 1200(8)(1.1) = 10560 (versus 10,525).
Check nenber adequaci es.

G 19



CALI FORNI A TRENCH NG AND SHORI NG MANUAL

SAMPLE PROBLEM No. 27 = COFFERD

el

WATERPROOF MEMBRANE
4" x 16" SHEETING ALL AROUND "\
L 1 1 1 1 _l 1 1 | I | 1 I 1 | 1 |
1 W12 x 190 ¥y = 110 pcf HP14 x 73 |
Lower Wales Yp = 0.6y Upper Wales .
|| & struts Kw = 35 pcf & Struts | 20
] 1 ] 1 1 1 1 1 1 1 1 | I 1 1 ] J

k 3@ 10' = 36»' ' N

PLAN - STRUTS 6 WALES

. VANN VAN 7N\\7N ZANA VAN
8|
15.5"
—H|¥ | —H oering |,
g..'::;:. 4
: . N
5 s -tremie’ 4 | ‘tremie- . 2.5
_\V 1 seal [-- - -seal . . )
777\\7 X 777NN\ VZANVZZANVAN uiay
(1) (2) \ (3)
ELEVATI ON

SEQUENCE:

(1) Excavate and construct cofferdam set cofferdam and backfill.

(2) Treme, cure, dewater, and renove |ower interior struts.

(3) Construct footing, cure, strut to footing, and renove top
interior struts.
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APPENDI X G

CASE (1):
Pressure Di agramns
Pn = (O 8)(Kw) (0. 6)(15.5) = 260 psf

M ni mum surchargeload = 72.0 psf
Water = (62.4) (15.5) = 967 psf

\\ 2
2.5° 0.2H
7 Ha T 526
8' : .

15.5*' | . 9.3

0721260~
*— Hs _J{
5 1106
0.2H
v * X 967 1039
SO L WATER o DING

Check treme vs. conbined pressure (w thout surcharge | oad)
(2.5)(155) =388 < 1,039 - 72 = 967 ~ o.k.
Can the cofferdam be dewatered to pernmit construction of a footing

lowered to the elevation of elimnated treme seal? Al struts to
remain in place.

SHEETING
Five foot cantilever will be the nost critically | oaded | ocation.
B 7 B
. 1.9¢ !
272 &— 260 |
:’: I
3.1 1
]
v 655 , 312

G-21



CALI FORNI A TRENCH NG AND SHORI NG MANUAL

ZMp = (655) (5) [5/2] + (312) (5)
+ (260) (1.9)[1.9/2] + (

13,339 Ft-Lb/LF

[(5) (2/3)]/2 + (72) (5) [5/2]
260) (3.1)[1.9 + (1/3) (3.1)]/2

For 16" wide timber My = (1.33) (13,339) Ft-Lb/Tinber

Section Mdulus Required = Mf (Use Load Duration Factor = 1.33)
S = (1.33)(13,339)(12)/(1,500)(1.33) = 106.7 in’

S Furnished = (16)(4)% 6 = 42.67 in®

SHEETING WILL BE OVERSTRESSED IF COFFERDAM IS DEWATERED!

| f sheeting had been sufficent at this point, the struts and walers
woul d have been checked next.

[f not dewatered:

2Mg = (72)(5)[5/2] + (260
+ (260)(3.1)[1.9 +

S required = (2,551/13,3

[1.9/2]
3.1)]/2 = 2,551 Ft-Lb/LF
)

3 7) = 20.4 < 42.67 in®

) (1.9)

(173)(

9) (106.

CASE (2):

Place treme concrete , dewater, and renove |ower struts.
Pressure Diagrans (above treme concrete)

= (0.8)(3.5)(0.6)(13) = 218 psf
Vater = (62.4)(13) = 811 psf

0.2H = 2.5!

AN
A —3 -—%K
4

]
72) __ 218 _ |
13!
5.25'
2 R
1.25?
¢ )

Determ ne reactions by approximte nmethod of area division, then to

approxi mate noment distribution arbitrarily increase B by 10% and
prorate reaction difference to A and C
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APPENDI X G

REACTI ONS
A = (218 + 72)(6.5) - (218)(2.5)/2 + (6.5)(406)/2
= 2,932 Lb/LF
B = (218 + 72)(5.25) + (405 + 733)(5.25)/2
= 4,510 Lb/LF
C = (218 + 72)(2.5)/2 + (733 + 811)(1.25)/2
= 1,327 Lb/LF

Total Load = (218 + 72)(13) - (218)(2.5)/2 + (811)(13)/2
= 8,769 Lb/LF

Increase B by 10% (4,510)(1.10) = 4,961 Lb/LF
Difference fromprevious value = 4,961 - 4,510 = 451
Prorate difference to A and C. 2,932/(2,932 + 1,327) = 0.69%

A= 29032 - (0.69)(451) = 2,621 Lb/LF
C= 12327 - (0.31)(451) = |, 187 Lb/LF
LOADI NG CONFI GURATI ON

| |

| Struts |

10° ! 10° ! 10° ,
H T N O
0.4wL, ' 1.1wL, 1.1vl, 0.4wWLy

LONER STRUT
Properties of a W2 x 190: | = 1,890 in* S = 263 in”

A=559in° r, =5282in, r, =3.25in

End | oad = (1.1)(4,961)(10) = 54,571 Lb
P/A = 54,571/55.9 = 976 psi
16,000 - 0.38(L/r)? = 16,000 - 0.38[(10)(12)/3.25]°

f
"= 15,482 psi

LOAER WALE

use (PIA)/fy, + (MS)/FB = 1.0
fa11 = 16,000 - 0.38[(10)[12)/5. 82]% = 15, 838 psi
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CALI FORNI A TRENCH NG AND SHORI NG MANUAL

Check short side:

End | oad = (0.4) (4,961)(10) = 19, 844 Lb

M= (4961)(10)% 8 = 62,013 Ft-Lb = 744,156 in-Lb

(19, 844/ 55.9)/ 15, 838 + (744,156/263)/22,000 = 015 < 1.0 ~ 0.k

Check |ong side:

End 1 oad = (0.5) (4,961)(10) = 24,805 Lb

M= (4,961)(10)% 10 = 49,610 Ft-Lb = 595,320 in-Lb

(24, 805/ 55. 9)/ 15, 838 + (595, 320/ 263)/22,000 = 0.13 < 1.0 = o.k.
UPPER STRUT

Properties of a HP14 x 73: | = 734 in*, S = 108 in’,

A=21.5in% r, = 5.85 infy=3.49 in

End load = (1.1)(10)(2,621) = 28,831 Lb
P/A = 28,831/21.5 = 1,341 psi
fa; = 16,000 - 0.38[(10)(12)/3.49]°

15, 551 psi

UPPER WALE

fu, = 16,000 - 0.381[(10)(12)/5.85]% = 15,840 psi

By inspection short side will be nost critical

End load = 0.4wL = (0.4)(2,621)(10) = 10,484 Lb
M= (2,621)(10)% 8 = 32,763 Ft-Lb = 393,156 in-Lb
(10, 484/ 21.5)/ 15, 840 + (393, 156/108)/22,000 = 0.20 < 1.0  o. k.

NOTE. Overstresses in steel nmenbers should not be allowed because:

* Adequate soil data was not furnished.

e Contractor may not be an expert in cofferdam construction
(normally the case).

* It is unlikely that the steel stresses will be frequently
checked by means of strain gages.

REMOVE LOAER STRUTS
Moment will be based on proportion of |oad carried by wale.

Limt deflection of sheeting to L/240 and assume sinple span of 10.5
feet.
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APPENDI X G

center D= L/240 = (10.5)(12)/240 = 0.5 in

d=(l-x/L) (4 (D) (x)/L)
= (1-2.5/10.5)(4)(0.5)(2.5)/10.5
= 0. 36"
© D Load to be carried by 30" wale assum ng sinple
span for D= 0.36"
Br d 4 6
'r D= 0.36 = (5)(wW(30)7(1,728)/[(384)(30x10°) (1,890)]
2.2' s“w = 1,120 Lb/LF

M = (1,120)(30)%8 = 126,000 Ft-Lb = 1,512,000 in-Lb
(24, 805/ 55.9)/ 15,838 + (1.5x10%263)/22,000 = 0.29 < 1.0 . 0.Kk.

SHEETI NG

Disregard any reaction at B tenporarily and solve for A and C reactions
(with sheeting assuned fixed at C) by approxi mate nethod of area
di vi si on.

A = (72)(2.5) + (290)(5.25) + (218)(2.5)/2 + (484)(7.75)/2
= 3,851 Lb/LF

C = (290)(5.25) + [(484 + 811)/2]5.25
= 4,922 Lb/LF

Make reaction at B = 1,120 Lb/LF and decrease A and C proportionally.

A
C

851 - (2.5/10.5)1,120 = 3,584 Lb/LF
9

3,
4,922 - (8/10.5)1,120 = 4,069 Lb/LF

Maxi mum nonent will either be at C or sonewhere between A and B.

Py ®
2.5! P, = (72) (13) = 936

A —> — 1

P, = (218)(2.5)/2 = 273

P, o
<1 Py = (218)(10.5) = 2,289
| <21 10.5' |28\ p, 3= (218)(10.5)

Py = (811)(13)/2 = 5,272
B —> . 8, 770
c 72| 218 811

Mg = P,(13/2) + P,(10.5 + 2.5/3) + Py(10.5/2) + P,(13/3)
- A(10.5) - B(2.5) = 3,609 Ft-Lb/LF
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CALI FORNI A TRENCHI NG AND SHORI NG MANUAL

To find maxi num nonent

(62.4) (2.5)
(62.4) (8)

= 156
= 499

sked

/ "
T T
A = 3,585 B=1,120
2,937
——=;-\\\\\\-———_—-=-x
648
(72) (2.5) = -180
(218) (2.5)/2 = -273
(156) (2.5)/2 = =195
-648
- 648
3. 585
2,937
2,937
(290 + 156)8 = -3,571
(499)(8)/2 = -1.997
-2,631
-2,631
1,120
-1,511
-1,511
(290 + 156)(2.5) = -1,116
[(499 + 655)/2](2.5) = -1,443
-4,070
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between A and B find point of zero shear.

-

655

L

156

DIAGRAM

SHEAR
DIAGRAM

4,070



APPENDIX G

2937 - (290 + 156)X - (62.4) (X)%2 =0
aX=4.9

SMp = (72)(7.4)[7.4/2) + (218)(2.5)[4.9 + 2.5/33/2
+ (218)(4.9)[4.9/2] + (62.4)(7.4)%[7.4/3]/2 - (3,584)[4.9]

-7,197 Ft-Lb/LF > 3,609 . Controls

S required = (16/12)(7,197)(12)/(1500)(1.33) = 57.6 > 42.67 in°
LOAER STRUTS SHOULD NOT BE REMOVED !!

[f the lower struts could have been renpved, the wale |oad at the short
ends woul d have increased fromO0.4wL to 1.5w and the struts woul d
be rechecked for structural adequacy.

CASE (3):
Can the top struts be removed if the lower struts remain in place?

Pressure diagrans will be the same as for CASE(2). Initial reactions
are A=2,621, B=4,961, and C = 1,187 Lb/LF. Wthout the top struts,
t he upper wal es and sheeting wll deflect inward increasing the
reaction at B and decreasing the reaction at C

Defl ection of the sheeting and upper wale at A nust be the sane.
Determne the load that can be carried by the upper wale. Limting
load to be determned by the conbinationof axial and bending stress,
or by the load which limts deflection to L/240. Determ ne deflection
for limting load. Determne the maxinum |oad the sheeting wll take
to have the same deflection as the wale at the l[ocation of the A
reaction. If the sumof the wale and sheeting limting loads are |ess
than the reaction of A (2,621 Lb/LF), the wale or the sheeting wll
be overl oaded and/or overstressed. Assume the sheeting to be a
cantilever fixed at B.

UPPER WALE
Determ ne allowable Ioad for 30" span

End load = 0.5wL = (0.5)(2,621)(10) = 13,105 Lb
M= w(30)%8 = 112.5w Ft-Lb = 1350w in-Lb
fa|| = 15,840 pS|

(13,105/21.5)/15,840 + (1350w 108)/22,000 = 1.0
~limting wale load w = 1,692 Lb/LF
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CALI FORNI A TRENCH NG AND SHORI NG MANUAL

Det erm ne maxi num defl ecti on.

Liniting | oad deflection A = 5wL* 384El
= (5)(l,692)(30)%(12)°% (384)(30x10% (734) = 1.4"

D £/240 = (30)(12)/240 = 1.5"
~SLimting load on wale is governed by stresses rather than

def | ecti on.
SHEETI NG

Limt sheeting at reaction A to wale deflection of |.4"

Dat A = [(w)(b)3(12)% 3El)

where b = 8
A I = (16)(4)3/12 = 83.33 in%
T . R = 64 in%/LF
5 .

A
1.4 = [(wW(8)312)% (3)(I.6x10°% (64)
W = 486 Lb/'LF

1,692 + 486 = 2,178 < 2,623

WALE WLL BE OVERLOADED - DO NOI' REMOVE TOP STRUTS !!

Not checked:

Wl e web crippling

Vel di ng

Sheeting to wal e connections
Buoyancy
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SAMPLE PROBLEM NO_ 28 - DEFLECTI ON

Horizontal movenent, or deflection, of shoring systems can only be
roughly approxi mated because soils do not apply pressures as a true
equivalent fluid, even in the totally active state. A deflection
calculation can be made by structural mechanics procedures (noment
area - MElI) and then sone soundengineering judgnment should be used.
In general, cohesionless soils wll give about |/2 the calcul ated
val ues, & cohesive even less. The time that the shoring is in place
wll also affect nmovement. Monitoring, or performance testing, is the
final answer.

Followi ng is an exanple of a deflection calculation for a sheet pile
with a single tieback. It is assumed that the |ock-off |oad of the

tie is sufficient to preclude any novement at the tie support. The
moment -area nethod will be used to cal culate deflections.

I % _
4 4 P = the total passive
*—J _* reaction

3 >T = 8,521 Lb/LF

” | T = 8,429 Lb/LF

E =30 x 10° psi

L | = 109 in*

24.3"

T ;T;?Vﬁﬁﬁu\ I
7.3¢ P

Vp v
72—)’ {6—567—)*
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LOAD DI AGRAM

- ase 21.9' | 24"
v | 6o
T T

8,429 \ 8,521

N

-

L
72
—

SHEAR DI AGRAM

" 7,007
1,533\
-‘;“~-1,422
-6,987
MOVENT DI AGRAM 36. 330
32,493 it 32,339
20,520

000800080 00000000008000R0000000 100000
00000000000 00000 0000000 000000000
SUTTTITIT IR T NI LTS AL L L]

~ —~4 -2,088 A -1,8405
L& 4.0' L? l ' l ‘ l ‘J 4.0'—J
0.3" 3.7° 3.5 3.5! 3.5 3.5 3.6 0.3"
b 21.9° b

G 30



APPENDI X G

Determ ne the deflection 61,
dy = (0g011. 0/ 21.9)

Determi ne the deflection of the tangenf {Q the elastic curve at
the centerline fromthe tangent at T (8,) -

The true deflection at A =dy = 6, = 3,

dp = ((-2,088)(0.3/3)[21.6 + (3/4)(0.3)]
+(36,330)(10.7)(2/3)[10.9 + (3/8)(10.7)]
+ (36,330)(10.6)(2/3)[0.3 + (5/8)(10.6)]
- (1,840)(0.3/3)[0.3/4])(1,728)/(30 x 10° (109)
=2.98 in
dy = (2.98)(11.0/21.9)
= 1.50 in
dy = (-2,088)(0.3/3)[10.7 + (3/4)(0.3)]
+ (136,330)(10.7)(2/3)[(3/8)(10.7)](1,728)/(30 x 10°% (109)
= 0.55 in
dp = 1.50 - 0.55
=0.95in
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The deflection at the cantilever section will be the sum of the
difference between the tangents to the elastic curves at point T
and c:(d5)and d,.

dj ((-2,088)(4.0)/4)[(4,5)(4)](1,728)/(30 x 106)(109)
-0.004 in

By similar triangles, &4 = (2.98)(4.0/21.9) = 0.544 in

ds 85 + 84= -0.004 + 0.544 - 0.54 in

[ 4-0° 11.0° > - 10.9°
vooc l ,, | I
0.54" [\r

¢T‘

<— >

P

0.95"
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